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Abstract 
Based on the coordinate measurement principle of the CCD vertical target system, a new method is proposed to 
measure the attack angle of flying projectile. It mainly analyze the coordinate measurement accuracy of the system 
and derive the formula for measuring the attack angle; In practical test, the attack angle measurement accuracy was 
proved to meet the request. The experimental results show that the method is feasible, and the CCD vertical target 
system not only measure the coordinates of flying projectile but also obtain the attack angle simultaneously, so that 
expand a wider range of applications of CCD vertical target measurement system. 
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1. Introduction 
The flight attitude is an important indicator to determine the flight stability of projectile. Attack angle 
refers to the angle between the axis of the projectile and its direction of motion, so the attack angle is an 
important parameter to describe the flight attitude of the projectile, which is the key parameter measured 
in ballistic testing. With the development of CCD technique, now we propose to use CCD vertical target 
measurement system to measure the attack angle of projectile. Based on the working principle of CCD 
vertical target measurement system, the paper research emphatically the measurement technique of the 
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attack angle with CCD vertical target system, analyze the measurement precision and conducted related 
experiments to prove the feasibility and accuracy of the new method, thus develop the functions of the 
CCD vertical target measurement system[1]. 
2. The measurement principle of projectile attack angle with CCD vertical target system 
2.1. The intersection measurement principle of  CCD vertical target system 
 The measurement of the location the projectile going through on the target surface is based on the 
intersection measurement principle. The measurement section of CCD vertical target system includes two 
measurement units, which locate on the baseline vertical the shooting direction, each unit consists of a 
linear array CCD camera and a theodolite[2].When working, the two linear array CCD cameras looked 
upward at some angle relatively, the visual axis of the two CCD cameras intersect and coplanar with the 
baseline, thus, the visual fields take shape to a plane in the air, forming the optical vertical target. When 
the projectile go through the target surface, the two cameras will record the location information of the 
projectile respectively, and then get the coordinates by processing the captured images. As figure 1 show, 
two cameras are located in the points of A﹑B, and relatively look upward at 45 °, the line connecting A
﹑B is called the baseline named S, the visual axis of the two CCD cameras intersect at the point of O, 
and the visual fields of two CCD cameras form the  optical target. 
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Fig. 1. the schema of the CCD vertical target working principle 
4735XU Wei and WANG Miao / Procedia Engineering 15 (2011) 4733 – 4739XU Wei/ Procedia Engineering 00 (2011) 000–000 3
 
In the plane of the target, we create a new coordinate system, and make the point of O as the origin of 
coordinates, the horizontal direction for the X-axis, the vertical direction for the Y-axis and the shooting 
direction for Z-axis. When the system works, the muzzle emits a signal triggering the two CCD cameras 
simultaneously to record the coordinates of the projectile on the target. When the projectile go through the 
target surface, the projectile images the two camera's CCD photosensitive surface respectively, and then 
the signal containing the coordinate information of the projectile is sent to the front machine of the 
measurement system for data processing. Because of the diameter of the projectile, according to the 
processing algorithms of the digital image, we extract the central point of the images of the projectile as 
the coordinates of the projectile on the target surface. Correspondingly, we mark the location the 
projectile going through the target surface as the point of P. 
The elevation angles of the point of P to the two CCD cameras are α, β, the coordinates of the point of 
P in the plane of O-XY can be got by equations (1), (2) below, the equations give as: 
2
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2.2. The measurement principle of attack angle with CCD vertical target system 
The attack angle of flying projectile refers to the angle between the projectile velocity direction and the 
geometrical axis of the projectile. The measurement principle of attack angle of flying projectile with 
CCD vertical target system is shown in figure 2. According to the working principle of coordinate 
measurement of CCD cameras, when the projectile goes through the target surface, the CCD cameras 
capture the images of the projectile at some certain frame frequency, these images is equivalent to the 
images segmentation of sections of the projectile going through the target at different moment. So that we 
get coordinates of different parts of the projectile on the target surface to measure the attack angle. 
When the projectile goes through the target surface with the attack angle of zero, as shown in figure 2 
(a), even if the projectile axis is not orthogonal with the scan line direction of the CCD cameras (there is a 
certain shot angle), the direction of motion of projectile and the geometric axis are still coincide, thus the 
warhead and the end go through the target surface at the same point and image in the same CCD pixel. 
However, when the attack angle is not zero, as shown in figure 2 (b), the different parts of the projectile 
pass through target surface in different points, and image in the different pixels, so we get different 
coordinates. According to the coordinates of the warhead and tail-end and the length of the projectile, we 
can get the size of the attack angle. 
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Fig. 2 the schema of the attack angle measurement principle 
If the coordinates of the tail-end and the warhead of the projectile are A (x1, y1) and A '(x2, y2), then 
there is: 
( ) ( )221221 yyxxAA −+−=′                                   (3)
 
 
l
AA ′= arcsinθ
                                                     (4) 
3. The measurement accuracy Analysis of the attack angle of the projectile 
3.1. The coordinate measurement error analysis 
The coordinate measurement error of the projectile with CCD vertical target mainly is caused by the 
baseline measurement error and the angular measurement error of the system. Based on the principle of 
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independent errors, according to the formula (1), (2) ,the CCD vertical target coordinate measurement 
error can be obtained as below: 
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The system angular measurement error of includes the orientation error of the theodolite, the 
quantization error of reading angle of CCD camera and the camera distortion correction errors. According 
to the performance indicators of the CCD vertical target system we have developed, we can get the 
system angular error Δα= Δβ=0.2mrad, Δγ = Δα, the length error of baseline Δs=1mm, the baseline 
length S=8m (must strictly ensure its accuracy, otherwise it will seriously affect the measurement 
accuracy of the coordinates on the target). By simulating on the platform, we get the model of the 
coordinate error of the central area of 1.5m×1.5m as shown below: 
             
a  the error of coordinates on the X axis                                     b  the error of coordinates on the Y axis 
Fig. 3 the error of coordinates on the target surface 
3.2. The measurement error analysis of the attack angle 
By analyzing the theoretical formula for calculating the attack angle, The measurement error analysis 
of the attack angle can be drawn mainly from the measurement error of length of the projectile and the 
coordinate measurement error of the warhead and the tail-end of the projectile over the target surface. 
• a) the measurement error of length 
The CCD cameras shoot at some certain scanning frequency and therefore cannot guarantee when the 
warhead goes through the target surface the cameras is just beginning to record, nor could guarantee the 
cameras to stop scanning just the tail-end passing the target surface, so there is error in the number of 
rows as the error of rows numbers[3].It can be get as : 
m
E 2=
                                          (7) 
In the formula, m is the total numbers of rows which can scan the objective. Presumably the cameras 
scanning frequency is f, the length of projectile is l, the flight speed of the projectile is v, so we get m as 
below: 
f
v
lm ⋅=
                                         (8) 
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Ell ⋅=Δ
Thus, the measurement error of lengthΔl caused by the error of rows number is: 
                                         (9) 
• b) The range error between the coordinates of the warhead and the tail-head 
When the projectile pass through the target surface, the distance error between the coordinates of the 
warhead A and the tail-end A ' mainly is caused by the coordinate measurement errors of A and A'. Based 
on the principle of independent errors, according to the formula (3), we can draw the measurement error 
of AA ': 
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According to the engineering practice, to simplify the analysis and calculation, we take σx1 = σx2 = σy1 
= σy2 = σmax, there are: 
max2' σσ =AA                              (11) 
• c) The measurement error of the attack angle 
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                         (12) 
From formula (12), we can see that the factors affect the measurement accuracy of the attack angle 
include: length of the objective, coordinate measurement errors, size of attack angle and frame frequency 
of CCD cameras. When the measured objective is confirmed, we can improve the measurement accuracy 
of attack angle by improving the coordinate measurement accuracy and the camera frame frequency. 
4. The date of test 
In a practical test, we set the camera's frame frequency to 50kHz, the projectile length l=320mm, 
velocity v = 800m/s. According to the experimental data of coordinates, the projectiles are basically 
located in the central 1.5m × 1.5m area on the target surface, we take σmax=1.5mm, the test data and the 
result of calculation are shown in table 1 below. 
From the experimental results, under the condition of practical test, the attack angle measurement error 
of the CCD vertical target measurement system we developed is less than equal to 0.4, and the request of 
the attack angle measurement accuracy generally is in the range of projectile 0.1 ° ~ 0.5 °, therefore it’s 
feasible to use this system to measure the attack angle. 
Table 1 Experimental data coordinates and attack angle 
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Sequence 1 2 3 4 5 
Positions x y x y x y x y x y 
Head -178.0 373.3 246.5 406.3 -633.5 115.8 -384.3 -412.5 177.1 -302.3 
Tail-end -175.6 370.7 240.9 401 -636.8 106.6 -392.2 -408.5 180.9 -295.4 
AA’ mm 3.54 7.7 9.8 8.85 7.88 
θ 0.634° 1.38° 1.75° 1.58° 1.41° 
Δθ 0.390° 0.392° 0.4° 0.396° 0.393° 
5. Conclusion 
In the past, the coordinate measurement and the attack angle measurement were carried out separately. 
We propose a new method that the CCD vertical target system can be used to measure the attack angle of 
flying projectile. After analysis and practical test it proves that this method is feasible and easily applied 
to actual test. This allows the use of existing CCD vertical target measurement system to achieve 
functional expansion, and make a wider scope of application of the measurement system. 
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